To improve our understanding of factors that affect intraplant distribution of Artogeia rapae (L.) and Trichoplusia ni (Hubner) on cabbage, we exposed larvae to gradients of cabbage leaf age. Excised leaves from field-grown cabbage were arranged in a chamber to form the gradient of leaf age. Larvae in the third-fifth instar were aIlowed to feed on these leaves for 48 h, and leaf area consumed was measured. Larvae of T. ni showed no preference for leaves of any particular age, eliminating one of a number of factors that were suspected of affecting their distribution on cabbage. Larvae of A. rapae preferred the youngest (head and wrapper) leaves, which helps explain observed intraplant distributions on these larvae in the field and allows us to predict the location of their feeding damage on the plant.
THE IMPORTED Cabbageworm, Artogeia rapae (L.), and the cabbage looper, Trichoplusia ni (Hubner), are major pests of cabbage each year in the continental United States. Damage consists of feeding on the frame leaves and on the head and four surrounding wrapper leaves. The impact of this feeding damage on marketable yield depends on which leaves were fed upon and the amount of feeding. If feeding is restricted to the frame leaves, which are not harvested, the damage is indirect, reducing the farmer's profit only if it reduces head weight; if feeding is on the head and wrapper leaves, the crop can be rendered unmarketable, resulting in a total loss. The ability to predict both the amount and the location of damage on the plant by populations of these pests is necessary to predict the potential for loss and the value of control measures designed to prevent it.
Previous reports have suggested that late (thirdfifth) instars of these species move to the head from the frame leaves, where the majority of the eggs are laid (Sutherland 1966 , Chalfant & Brett 1967 , Greene 1968 , Samson & Geier 1983 . However, when monitoring cabbage fields for these pests, we have sometimes found late-instar T. ni primarily on the wrapper and head leaves and at other times primarily on the lowest frame leaves. A number of differences exists between these different locations on the plant that could influence the distribution of larvae of either species. One important difference is the age of the leaves; head leaves are youngest and lowest frame leaves are oldest (Andaloro et al. 1983 ). On another crop, cotton, T. ni larvae are found primarily on the older leaves (Guiterrez et al. 1975 , Wilson et al. 1982 . In contrast to T. ni, we have always found late-instar A. rapae primarily on the head and wrapper leaves. Slansky & Feeny (1977) suggested that A. rapae larvae maximize the rate at which they accumulate nitrogen into biomass by adjusting their feeding rate according to the nitrogen content in their host plant. Because young cabbage leaves contain more nitrogen than old leaves (Samson & Geier 1983) , A. rapae larvae may also adjust their rate of nitrogen intake by seeking leaves of a particular age. Mustard oil glucosides are also more concentrated in the heads than in the frame leaves of cabbage (Josefsson 1967) and may also explain the distribution of these larvae (Hovanitz & Chang 1963) . However, other factors (e.g., microclimate) also vary in different parts of the cabbage crop canopy and may be more important in determining where the larvae feed. The purpose of this study was to determine whether late instars of these species prefer to feed on leaves of a particular age, independent of other environmental conditions.
Materials and Methods
An experimental chamber was devised to allow A. rapae and T. ni larvae to feed on a gradient of cabbage leaf age, without gradients of any other conditions being present. The glass chamber (76.0 em square and 10.0 em deep) was divided with glass strips into 10 sections (7.6 by 76.0 em). The floor of each section was lined with plastic foam with 10 equally spaced rectangular depressions (7.0 by 6.3 em; 0.2 em deep) cut into it. The foam was moistened with distilled water, and "squares" of cabbage leaf (7.0 by 6.3 em) were placed in each of the depressions. Each section of the chamber contained leaf squares of 10 different ages arranged June 1987
Distribution of feeding by third-fifth instar (A) A. rapae and (B) T. ni larvae on a gradient of cabbage leaf age. Starting position indicates the leaf on which larvae were released at the start of the experiment. Percentage feeding for each leaf age and starting position is the percentage of the total area of feeding by five larvae from that starting position, on leaves of that age.
to form the gradient of leaf age. Leaf squares were numbered according to the leaf they were cut from as follows: squares 1-7 were cut from oldest to youngest frame leaves that were evenly spaced along the stem depending on number of frame leaves present (e.g., every third leaf); square 8 was from one of the four loose wrapper leaves surrounding the head; square 9 was from one of the two outermost tightly wrapped head leaves; and square 10 was from leaves three layers deep in the head. Leaves were obtained from field-grown, unsprayed cabbage plants that were in the same growth stage, having 15-to 20-cm heads. The squares were cut in the field, sealed in plastic bags moistened with distilled water, and immediately brought to the laboratory and placed in the chamber. A plexiglas gasket (3 mm thick) cut to hold the edges of the leaf square in contact with the moistened plastic foam was placed on top of the leaves, thus allowing the larvae access to all but the edges of each leaf square and keeping it moist and turgid. Larvae used in the experiments were collected on cabbage plants in the field and from the entire range of their distribution on these plants. One third-fifth instar was placed in each section of the chamber on a diagonal, so that each of the 10 larvae started the experiment on a differentaged leaf. Glass lids were then placed on each section of the chamber to prevent escape of the larvae.
The larvae were allowed to feed for ca. 48 h, with the chamber in a 26°C rearing room with a 16:8 (L:D) photoperiod. After that time, the larvae were removed, and the area of feeding on each leaf square was measured. This procedure was followed five times for each species, allowing 50 late instars of each species to feed on the gradient of leaf ages. The experiments for A. rapae were conducted between 17 July and 22 August 1985, and those for T. ni between 10 September and 3 October 1985, because these were the times when the respective species was prevalent in the field. The data were subjected to analysis of variance; the independent variables were leaf age and leaf the larvae started the experiment on, and the dependent variable was leaf area consumed (square millimeters).
Results
Movement throughout the chamber by larvae of both species was apparent, as evidenced by the presence of frass. Fig. 1 shows the distribution of feeding by the two species in the chamber. A. rapae larvae tended to feed on the youngest leaves, the wrapper and head leaves, regardless of where they were released (Fig. 1A) . Proportion of feeding by T. ni did not seem to depend on either leaf age or point of release in the chamber (Fig. IB) . Results of the analysis of variance support these observations. The interaction term between leaf age and larval starting position was not significant for either species (A. rapae: F = 1.19; df = 81,390; P > 0.15; T. ni: F = 0.90; df = 81,360; P > 0.25), indicating that the distribution of feeding along the gradient of leaf age was not affected by where the larvae were released. Therefore, the sum of squares for the interaction terms were pooled into the error sum of squares, and the starting leaf position was used as a blocking factor to distinguish better the main effects of leaf age, which was the question of interest. The differences in feeding by A. rapae on leaves of different ages were highly significant (F = 12.67; df = 9,471; P = 0.0001). However, differences in T. ni feeding on leaves of different ages were not significant (F = 1.35; df = 9,441; P = 0.2070).
Discussion
These results demonstrate that A. rapae larvae prefer to feed on the younger leaves of the cabbage plant. These data concur with our field observations (unpublished) and help explain the previous reports ENVIRONMENTAL ENTOMOLOGY Vol. 16, no. 3 of intra plant distribution of A. rapae larvae, which showed a high percentage of larvae on the head and wrapper leaves (Samson & Geier 1983) . The results of the experiments with A. rapae demonstrate that clear qualitative differences exist between the excised wrapper and head leaves, and the excised frame leaves. The same qualitative differences could be expected to be present in the experiments using T. ni, but they had no effect on the distribution of feeding by these larvae. Again, these results concur with our field observations, which suggest that factors other than leaf age influence the intraplant distribution of T. ni.
A possible disadvantage of this method is that differences in biochemical composition could exist between the excised leaves used in the experiment and the corresponding leaves on a cabbage plant growing in the field. However, the leaves were used as quickly as possible, and care was taken to keep them as fresh as possible. Without a detailed biochemical and structural analysis of the leaves used in the experiments, we also cannot rule out changes in the gradient of leaf age over time. However, the feeding response of the larvae within each species over successive experiments did not indicate such changes, and the plants used in the experiments were always in the same stage of growth, so the ages of the leaves used were consistent between experiments. Regardless, our interest is in the response of the larvae of each species to this gradient of leaf age at the time when the larvae typically occur in the field in our area. The advantage of this experimental procedure is the absolute control over the choice available to the larvae; the only gradient present that can affect the distribution of their feeding is the age of the leaves. Although this same gradient exists on growing cabbage plants in the field, it is confounded by gradients of light, gravity, heat, humidity, population densities, etc., so the effects of leaf age alone cannot be examined in the field.
If T. ni larvae do not prefer to feed on the wrapper and head leaves, what other factors could explain the previous reports of a tendency for the late instars of this species to migrate to and feed on these leaves? Light and gravity have been shown to affect the distribution of first-instar T. ni (Greene & Morrill 1970) . Sublethal insecticide residues can affect the behavior of insects (see Gould [1984] ). Other factors that may vary in the cabbage crop canopy include temperature, relative humidity, protection from rainfall, presence of natural enemies, and presence of ecological competitors such as A. rapae. We currently are researching the effects of these factors on the distribution of A. rapae and T. ni larvae.
The usefulness of the present study is that intraplant distribution of A. rapae can be explained and, hence, predicted primarily on the basis of larval preference for young leaves, although it, perhaps, is modified at times by other factors such as microclimate, insecticide residues, or population density. The larval distribution tells where feeding damage by this species will occur and, because market standards are written in terms of damage to the head and wrapper leaves, this can be incorporated into a pest management decision model. The study has also narrowed the search for factors that are important in determining intraplant distribution of T. ni. Further investigation of these factors may yield a better means of predicting when this pest will affect marketability of the crop, and when it will not.
